Peroxisome proliferator-activated receptor gamma (PPAR␥) mediates cell cycle arrest and adipocyte differentiation; has tumor suppressor activity in liposarcoma, lung, and prostate cancers; and suppresses colonic polyp formation in adenomatous polyposis coli (APC) min/ϩ mice. To assess the influence of thiazolidinediones (TZDs), which are PPAR␥ ligands used to treat diabetes mellitus, a retrospective analysis of a database from 10 Veteran Affairs medical centers was conducted.
INTRODUCTION
Peroxisome proliferator-activated receptors (PPARs) are members of a super family of nuclear receptors. The PPAR subfamily has three isotypes: alpha (␣), beta/delta (␤/␦), and gamma (␥), which are ligandactivated transcription regulators important in cellular homeostasis. [1] [2] [3] Stimulation of PPAR␥ induces cell cycle arrest and has a role in the terminal differentiation of adipocytes. PPAR␥ agonists bind to the DNA only in the PPAR:RXR (retinoid X receptor) heterodimer form. PPAR␥ agonists induce cell cycle arrest and apoptosis of lung cancer cell lines in vitro. 4, 5 The metabolites of arachidonic acid, 15-HETE [15(s)-hydroxyeicosatetraenoic acid] and linoleic acid, 13 HODE [13(s)-hydroxoctadecadienoic acid], are ligands for either PPAR␥ or mitogen-activated protein (MAP) kinase and may mediate the pathogenesis of prostate cancer. 6 In the normal prostate gland, activation of MAP kinase induces phosphorylation of PPAR␥, which in turn suppresses differentiation and de-represses growth. Thiazolidinediones (TZDs) suppress MAP kinase activation and, hence, the phosphorylation of PPAR␥, and in turn induce differentiation and growth repression. TZDs increase the number of intestinal polyps in adenomatous polyposis coli (APC) min/ϩ mice in small doses, but have the opposite effect at higher doses and are not tumorigenic in wild-type mice. [7] [8] [9] [10] Some of the antineoplastic actions of TZDs may be mediated by antiangiogenic effects. 11, 12 TZDs (glitazones) are synthetic ligands for PPAR␥ that are used to treat diabetes mellitus. There are insufficient clinical data regarding the protective effects of glitazones on cancer. 1, 9, 13 To assess whether the glitazones have a cancer preventive effect, we conducted a retrospective study of male veteran diabetics aged 40 years and older. The objective of the study was to assess whether there was a difference in the risk of development of three malignancies-lung, prostate, and colorectal cancer-that are common in the veteran population and for whom published preclinical data provided a possible rationale for a role for TZD action.
PATIENTS AND METHODS

Study Population
The population for this retrospective study was derived from an electronic database covering 10 Veterans' Affairs (VA) hospitals (Alexandria, LA; Biloxi, MS; Fayetteville, AR; Houston, TX; Jackson, MS; Little Rock, AR; Muskogee, OK; New Orleans, LA; Oklahoma City, OK; and Shreveport, LA) that comprise the Veterans Integrated Services Network 16 (VISN 16). All of the data in the database, such as diagnosis, laboratory values, and treatment, were entered into the electronic patient charts, which in turn were exported to the VISN 16 and the VA national database.
14 The protocol was approved by the institutional review board of the University of Arkansas for Medical Sciences and the VA administration. Male patients aged 40 years or older who were newly diagnosed with diabetes mellitus between October 1997 and September 2003 were eligible. Cancer diagnosis dates were collected through September 20, 2003 , and patient contact dates (visits, laboratory test dates) were collected through December 2, 2004 . The diabetic subjects were identified using the International Classification of Diseases (ICD) code 250.XX (XX: all patients with diabetes mellitus type 1, type 2, with and without complications, were identified). Those who had a diagnosis of cancer at the time of diagnosis of diabetes mellitus were excluded. ICD-9 codes were used to identify the diagnosis of lung cancer (162.9), colorectal cancer (153.9 and 153.10), and prostate cancer (185.00).
Covariate Data
Dates of first use of TZD, other oral antidiabetic agents, and insulin; age; race/ethnicity; sex; height; weight; and hemoglobin (Hgb) A 1 C measures were extracted from the database. The information extracted was current as of the date of data extraction in March 2005. Body mass index (BMI) was calculated as weight divided by height squared (kg/m 2 ). The duration of TZD prescription for each patient was obtained from the database from the dates of first and last prescription. The duration of TZD exposure for each patient was estimated from the database from the dates of first and last prescription and from the amounts dispensed at each prescription. Under the assumption that dispensed amounts were to be taken at one tablet per day, some prescriptions were for 90 or 180 days, but a large majority were for 30 days. Accordingly, 30 days plus the number of days between first and last prescription dates was taken as a crude estimate of TZD exposure duration.
Statistical Analyses
Cox proportional hazards regression with time-dependent covariates for drug exposures was used to estimate the association between TZD use and cancer risk. The relative risk (RR) of development of cancer was defined as the hazard ratio for time to cancer development in patients who became exposed to TZD, other oral agents, insulin, or combinations of the three, compared with that for patients not yet exposed to these drugs. Risk increases and reductions with TZD exposure were computed as the absolute value of [RR Ϫ 1] and expressed as percentages. RRs were estimated unadjusted, adjusted for only age and race/ethnicity, and adjusted for all available confounders. In the analyses, the response variables were times to cancer, defined as the times from date of diabetes diagnosis to date of diagnosis of colorectal, lung, or prostate cancer. Study participants who reached their last follow-up without a diagnosis for a particular cancer were censored for that cancer at the last follow-up date. The Cox regressions modeled TZD, insulin, and other oral antidiabetic agents as timedependent covariates using first drug-use dates to mark the onset of exposure, with time-dependent drug-drug interactions for patients who began a second drug, with stratification to control for age and race/ ethnicity, and with covariate adjustment to control for BMI and HgbA 1 C. SAS version 9.1 (SAS Institute, Cary, NC) was the statistical software package used to perform the computations presented. P values less than .05 were considered to be statistically significant despite the multiple comparisons so as not to inflate type II error in this hypothesis-generating observational study.
RESULTS
Eighty-seven thousand six hundred seventy-eight patients met the study inclusion criteria, of whom 72,323 had nonmissing data for height, weight, and HgbA 1 C. Eleven thousand two hundred eightynine patients were treated with TZD, and 76,389 were never prescribed a TZD. The median duration of TZD exposure was 364 days. Table 1 presents characteristics of the study population. Age was equally distributed between TZD users and nonusers, with equal medians, equal lower quartiles, and nearly equal upper quartiles. The race/ethnicity breakdown for TZD users was 62% white, 12% African American, and 26% unknown, compared with 57% white, 17% African American, and 26% unknown for TZD nonusers. The imbalance was considered modest for a study population of this magnitude. The higher median BMI, higher use of insulin and other oral antidiabetic agent use among those who uses a TZD compared with those who did not use a TZD are in accordance with the prescribing tendency of TZD for more advanced and refractory diabetes. A median HgbA 1 C level, a measure of control of diabetes, was also higher among TZD users than among nonusers.
During the study period, 1,137 patients were diagnosed with colorectal cancer, 3,246 with prostate cancer, and 1,371 with lung cancer ( Table 2 ). The unadjusted risk reduction for lung cancer among TZD users was 29%, as was the age-and race-adjusted risk reduction for this cancer. After adjusting for all available covariates (age, race/ethnicity, BMI, HgbA 1 C, insulin use, use of other oral agents, and drug-drug interactions), we observed a 33% reduction in lung cancer risk among TZD users compared with nonusers (RR, 0.67; 95% CI, 0.51 to 0.87; P ϭ .0033). Although we observed mild trends toward risk reduction with TZD use for prostate cancer (RR, 0.86; 95% CI, 0.64 to 1.14; P ϭ .30) and colorectal cancer (RR, 0.88; 95% CI, 0.74 to 1.05; P ϭ .16) after adjusting for all available covariates, they did not attain statistical significance.
The effect of TZD was also analyzed in a subgroup analysis by race/ethnicity (Table 3) . For both white and African American patients, there was a reduction in the incidence of lung cancer among those who were prescribed TZD. After adjustment for age, BMI, HgbA 1 C, insulin use, and the use of other oral antidiabetics, the TZD-associated risk reduction for lung cancers was 26% among white (RR, 0.74; 95% CI, 0.58 to 0.95; P ϭ .02) and 62% among African American patients (RR, 0.38; 95% CI, 0.15 to 0.93; P ϭ .03). The covariate-adjusted colorectal cancer risk with TZD use fell 2% in white (RR, 0.98; 95% CI, 0.80 to 1.21; P ϭ .85) but 47% in African American patients (RR, 0.53; 95% CI, 0.31 to 0.93; P ϭ .03), consistent with the lower risk reduction for white patients noted earlier. In contrast, the covariate-adjusted race-specific risk of prostate cancer showed increases with TZD use of 18% in African American (RR, 1.18; 95% CI, 0.94 to 1.50; P ϭ .16) and 15% in white patients (RR, 1.15; 95% CI, 1.02 to 1.31; P ϭ .03).
DISCUSSION
Our data provide a strong association between the use of TZD and reduced risk of lung cancer. Published preclinical studies suggest several possible mechanisms that may explain the association between the reduction in lung cancer risk and exposure to TZD.
4,5,15-18 TZD and other PPAR␥ ligands induce apoptosis of non-small-cell lung cancer cell lines H841, A549, abd PC14; arrest A549 non-small-cell lung cancer cells in G0/G1 phase; induce growth arrest and DNA-damage inducible 153 genes (GADD); and, in addition, induce Early growth response-1 gene leading to apoptosis. 4, 5, 16, 18 RXR, also a member of the nuclear-receptor family, is a common binding partner for PPAR␥. The resulting functional complex, a heterodimer of one RXR molecule with one PPAR␥ molecule, is a target for TZD as well as other drugs. Heterodimerization of PPAR␥ with RXR in response to ligand stimulation may be a mechanism of action in lung cancer risk reduction. In vitro studies have shown downregulation of PSA antigen expression in vitro and inhibition of proliferation of prostate cancer cell lines such as LNCaP in response to exposure to PPAR␥ ligands such as TZD and BRL 49653. 19, 20 Troglitazone, a TZD, induces growth arrest and differentiation of colon cancer cell line HT-29 in a dose-dependent manner. When APC min/ϩ mice are exposed to TZD, the number of polyps decreased with increasing TZD dose, although the number of polyps may increase at a very small dose. This response is limited to mice expressing tumor suppressor gene APC min/ϩ and is not seen in those with wild-type genes. 7, 10 Ligands for PPAR␥ dose dependently suppress growth and differentiation of human umbilical vein endothelial cells that express PPAR␥ mRNA.
TZD may also influence tumor growth and development through an antiangiogenic mechanism. PPAR␥ ligand 15d-PGJ2 inhibits the angiogenic effect of vascular endothelial growth factor in the rat cornea model. 12 PPAR␥ is highly expressed in vascular endothelial cells and is lost on exposure to TZD, suggesting that the antiangiogenic properties of PPAR␥ ligands may play a role in inducing an antineoplastic effect. 11 The effective concentration of 
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Hispanic, Native American, Asian/Pacific Islanders, n ϭ 1,501; undeclared, n ϭ 21,041. NOTE. The incidence of lung, colorectal, and prostate cancers among diabetic patients using TZD compared with those not using TZD. P values are not adjusted for multiple comparisons, so as not to inflate type II error. Abbreviations: TZD, thiazolidinedione; HR, hazard ratio.
Adjusted for age and race/ethnicity. The patient denominator for this and the unadjusted analysis was 87,678. †Adjusted for age, race/ethnicity, body mass index, hemoglobin A 1 C, insulin, other oral agents, and drug-drug interactions. The patient denominator for this analysis was 72,323. the glitazones in in vitro studies ranged from 20 to 50 mol/L, in keeping with the clinical concentration of glitazone one might expect from therapeutic dosing. 5, 21 Although the laboratory data indicate that TZDs act as ligands for PPAR␥ and, in turn, have an effect on the growth and differentiation of prostate cancer cells, success has been limited to serum prostate-specific antigen (PSA) stabilization and downregulation of PSA expression. 6, 22 Likewise, a phase II trial treating patients with metastatic colorectal cancer with troglitazone did not produce any measurable effect. 23 Nonetheless, this data set provided an excellent opportunity to perform a hypothesis-generating study to better refine the clinical area and conditions appropriate for further exploration regarding the impact of TZD use on malignant diseases.
The veteran population is a select group of subjects who utilize a single system for their medical needs. We chose diabetics because this the only group of patients treated with TZD. The incidence of certain types of cancer has been reported to be higher in diabetics as opposed to nondiabetics. [24] [25] [26] This should not influence the results of our study because we are comparing the incidence of cancers among diabetics who are receiving glitazones to those who are not, and not to nondiabetics.
We observed a reduction for the incidence of lung cancer of 29% both unadjusted and when adjusted for race/ethnicity and age, and a reduction of 33% when adjusted for race/ethnicity, age, BMI, HgbA 1 C, insulin use, other oral antidiabetics, and drug-drug interactions. The decrease in the incidence of lung cancer among TZD users is probably mediated by RXR-␣ receptor-mediated pathways. The incidence of colorectal and prostate cancers was not influenced by TZD usage when the population was analyzed as a whole, but there was an increase in the incidence of prostate cancer among white and African American patients. There was a decrease in the incidence of colon cancer among African American patients ( Table 3) . The difference in the racial incidence of prostate and colorectal cancers is difficult to explain, and may have to do with the statistical power of detection as well as a hypothetical difference in the metabolism of the glitazones in white and African American populations. Other explanations could include a known racial/ethnic variation in the single nucleotide polymorphism frequency in metabolic pathways important to xenobiotic metabolism, as well as the general observation of racial/ethnic differences in the incidence of cancers reported in the literature.
27,28 Survival bias is one possible explanation for why risk with TZD use is elevated for prostate cancer and not for colorectal cancer. The increase in the incidence of prostate cancer is a surprising finding in this population, and needs to be studied in detail. We restricted the patient population to those with lung, prostate, and colorectal cancers because these cancers occurred frequently enough in the participant population to provide adequate statistical power to detect a statistically significant level of risk reduction.
This study evaluates the role of TZD in reducing the incidence of lung cancer in a clinical setting. This study includes a large number of patients supporting preclinical data on the protective effect of PPAR␥ ligands on carcinogenesis. VISN 16 has a large database that is a reliable source of patient data because patients in this database are all treated within a single system. This database is extracted from the electronic medical record used by all the clinicians to enter the patient information in an ongoing basis and is an excellent source of clinical data that can be used to ask questions and generate hypothesis for future clinical trials. However, this study, being retrospective in nature, has several limitations. Smoking history was not collected for the vast majority of patients. Racial information was not available for 24% of patients. The information was obtained from a database that is not a research tool, that has the data entered by various clinical services, and that is not designed as a research tool to collect prospective data. The duration of therapy with TZD is not taken into the analysis because the study was not designed to analyze the association between the duration of exposure to TZD and the impact on the incidence of cancer. All patients who had a diagnosis of cancer after the date of exposure to TZD have been taken into account, irrespective of the fact that the duration of therapy with TZD might not be sufficient to have a meaningful impact on cancer development. This could have a negative impact on our study resulting from under-reporting of the impact of TZD on the risk of cancer development. It is possible that some patients treated with TZD might have developed cancer that was not diagnosed and entered into the database at the time of the study, which could lead to over-reporting of the impact of TZD on the risk of cancer development.
Nonetheless, we believe that this study has several strengths that tend to offset these limitations. All inclusion and exclusion criteria were implemented using computer programming statements (either Structured Query Language queries or SAS data steps), thus eliminating the patient inclusion/exclusion errors that commonly occur with manually collected retrospective data. The study was limited to males over the age of 40 years with diabetes, thus removing possible confounding with sex and with presence and type of diabetes. Only newly diagnosed diabetics without prior cancers entered onto the study, thus removing the influence of unknown treatment histories that occurred before the study period. The association between TZD use and cancer incidence was modeled as a time-to-event process via Cox regression, with diabetes diagnosis date marking a subject's entry date into the set at risk for developing cancer, and with date of cancer diagnosis marking the date the subject experienced the event of interest. By this means, the TZD effect on cancer incidence could be detected as delay of occurrence as well as nonoccurrence; and to this end, the inclusion/exclusion criteria were set up to guarantee a minimum of 15 months' follow-up time after risk-set entry, to give the cancer time to occur. Because a patient's exposure to TDZ, other oral antidiabetics, and insulin often commenced well after his entry into the risk set, the drug exposures were modeled in the Cox regressions as timedependent covariates that, for each subject, changed status from "unexposed" to "exposed" on the date of the subject's first prescription. In this manner, a cancer that occurred in a TZD-using subject before his first use of TZD would properly be associated with when he did not use them. These features, we believe, are enough to give our study credibility despite the limitations noted herein. This is a single large database that can be a potential source to get preliminary data to support the conduct of further clinical trials. This is a hypothesis-generating, rather than a hypothesistesting study. To better understand the role of TZD use on lung cancer development, two studies designs have the potential to provide useful information. One study could answer the question of protective effect of TZD on lung cancer would be a randomized study to look at the incidence of bronchial dysplasia in high-risk individuals (smokers). Another option is to study the effect of TZD in prevention of second cancers among patients with stage IB and IIA lung cancers postresection in a randomized, placebo-controlled study.
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